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(57) Abstract 



A method and apparatus for manufacturing a variable insulated helically wound electrical coil is disclosed. Insulated rectangular wire 
is fed from a supply reel to a coating zone and within the coating zone liquid resin insulation is selectively applied to the wire so it has 
additional insulation only in those areas of the coil where the dielectric strength is needed. The insulated wire is fed through a curing station 
to allow curing of the additional insulation prior to winding the cured insulated wire into a coil. The cured insulated wire is wound into a 
coil of predetermined shape at a winding station whereby the portions of the wire having the additional insulatin are located in the areas 
of the coil where the greatest dielectric strength is needed. The timing of the resin application to the wire is coordinated with the winding 
of the coil so that the proper insulation thicknesses are achieved at the required locations in the coil. There is also disclosed a variably 
insulated helically wound high voltage electrical coil for a transformer wherein a variable thickness of cured synthetic resin insulation is 
applied to the turns in each layer of the coil so that the insulation increases in thickness from substantially zero at one end of the layer where 
layer-to-layer voltage stresses will be low and the required maximum thickness at the opposite end of the layer where voltage stresses will 
be high and this progression and insulation thickness is repeated on each adjacent layer of the coil. 
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METHOD AND APPARATUS FOR MANUFACTURING A VARIABLE 
INSULATED HELICALLY WOUND ELECTRICAL COIL 



Background of the Invention 



1. Field of the Invention 

This invention relates to the manufacture of a variable insulated wound 
coil, and more specifically to a new and improved method and apparatus for 
manufacturing a variable insulated helically wound electrical coil. 



10 2. Description of the Prior Art 

In many conventional windings, such as transformer windings, a wire 
winding for a high voltage section typically uses wire which has an enamel or polymer 
insulation on it for turn-to-turn insulation and utilizes paper insulation between layers of 
turns of the coil to provide adequate insulation between the helically wound layers of 

15 insulated wire. The layer insulation is generally constructed from sheet material which 
has a uniform thickness and a width slightly greater than the width of the wire layers. It 
is wound into the coil as the coil is wound. After each layer of wire has been helically 
wound onto the coil, one or more turns of the full width layer insulation is wound onto 
the layer after which the next layer of wire is wound onto the coil. This process repeats 

20 through the entire coil. With conventionally wound coils the layer insulation between 
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layers must be thick enough to withstand the highest voltage difference between the 
layers. Since the windings are continuous and helically wound, the voltage between the 
layers varies along the coil axis, or width, with the greatest voltage difference between 
layers occurring between the starting end of a lower layer and the finish end of the layer 
5 above it. There is almost no voltage difference between the two layers on the opposite 
sides of the coil. The thickness of the full width layer insulation must be such that it 
provides the necessary dielectric strength on the start finish/side where the voltage 
difference between the layers is the highest. Over the remainder of the layer, the layer 
insulation is thicker than required. This results in an inefficient use of coil space, and, 
10 consequently, greater material usage. 

It would be desirable to allow the full width layer insulation to be 
replaced by insulation that is applied onto the insulated wire so that the wire is insulated 
only in those areas of the coil where the greatest dielectric strength is needed. 

Summary of the Invention 

15 Briefly, the present invention relates to a new and improved method of 

manufacturing a variable insulated helically wound electrical coil. Such method 
comprises the steps of feeding insulated rectangular wire from a supply reel to a coating 
zone and within the coating zone selectively applying a liquid resin insulation to the 
wire so it has additional insulation only in those areas of the coil where the dielectric 

20 strength is needed. The method further provides thereafter feeding the insulated wire 
through at least one curing station to allow curing of the additional insulation prior to 
winding the cured insulated wire into a coil and thereafter winding the cured insulated 
wire into a coil of predetermined shape whereby the portions of the wire having the 
additional insulation are located in the areas of the coil where the greatest dielectric 

25 strength is needed. 

In one aspect of the invention the coil comprises multiple coil layers and 
each coil layer comprises multiple turns of wire. The thickness of the insulation is 
varied in increments during the winding of each layer so that the insulation increases 
from substantially zero at the first turn at the start of the layer where layer to layer 

30 voltage stresses will be low to the required maximum thickness of the last turn at the end 
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of the layer where voltage stresses will be high and repeating the process on each 
succeeding layer. In one aspect of the invention, the additional insulation is applied to 
at least the bottom of the turns in the coil layers. In another aspect of the invention the 
insulation is applied to the bottom and sides of the turns in the coil layers. 
5 The present invention also relates to new and improved apparatus for 

manufacturing a variable insulated helically wound electrical coil. The apparatus 
comprises means for feeding insulated rectangular wire from a supply reel to a coating 
zone and means within the coating zone for selectively applying a liquid resin insulation 
to the wire so it has additional insulation only in those areas of the coil where the 

10 greatest dielectric strength is needed. There is further provided means for feeding the 
insulated wire through at least one curing station to allow curing of the additional 
insulation prior to winding the cured insulated wire into a coil and means for winding 
the cured insulated wire into a coil of predetermined shape at a winding station whereby 
the portions of the wire having the additional insulation are located in the areas of the 

15 coil where the greatest dielectric strength is needed. There is further provided means 
coordinating the timing of the resin application to the wire with the winding of the coil 
so that the proper insulation thicknesses are achieved at the required locations in the coil. 

In accordance with another aspect of the invention there is provided an 
improved variable insulated helically wound high voltage electrical coil for a transformer 

20 wherein the coil comprises multiple coil layers, each coil layer comprising multiple turns 
of wire and the improvement comprises a variable thickness of insulation applied to the 
turns in each layer of the coil so that the insulation increases in thickness from 
substantially zero at the first turn at the start of the layer where layer-to-layer voltage 
stresses will be low to the required maximum thickness at the last turn at the end of the 

25 layer where voltage stresses will be high and this progression of insulation thickness 
being repeated on each succeeding layer of the coil. 

Brief Description of the Drawings 

Fig 1. is a partial sectional view of a conventional helically wound wire 
winding of the prior art. 
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Fig. 2 is a top plan view diagrammatically illustrating a variable insulated 
coil winding system in accordance with the present invention. 

Fig.3 is a front elevational view of the variable insulated coil winding 
system diagrammatically shown in Fig. 2. 
5 Fig. 4 is a fractional sectional view of a variable insulation helically 

wound wire coil embodying the present invention. 

Fig. 5 is an enlarged cross sectional view of the wire conductor in Fig. 4 
to which the maximum added insulation has been applied. 

Fig. 6 is a fractional sectional view of a modification of a variable 
10 insulation helically wound wire coil embodying the present invention. 

Fig.7 is an enlarged cross sectional view of the wire conductor in Fig. 6 
to which the maximum added insulation has been applied. 

Description of the Preferred Embodiments 

Referring to Fig. 1 there is illustrated a partial sectional view of a prior 

15 art helically wound high voltage coil 10 including four coil layers 1 1-14. The coil 
layers lla-lli, 12a-12i, 13a-13i, 14a-14i are wound in the directions of the arrows with 
the direction reversing for each coil layer. A wire winding of the prior art typically uses 
rectangular wire W which has an insulation such as enamel or polymer (not shown) on 
it for turn-to-turn insulation and utilizes paper insulation 15 between layers of turns in 

20 the coil to provide adequate insulation between the helically wound layers of insulated 
wire. The layer insulation 15 is generally constructed from sheet material which has a 
uniform thickness and a width slightly greater than the width of the coil layers. It is 
wound into the coil as the coil is wound. After each layer wire has been helically wound 
onto the coil, one or more turns of the full width layer insulation is wound onto the layer 

25 after which the next layer of wire is wound onto the coil. This process repeats through 
the entire coil. The layer insulation between layers must be thick enough to withstand 
the highest voltage difference between the layers. Since the windings are continuous and 
helically wound, the voltage between the layers varies along the coil axis, or width, with 
the greatest voltage difference between layers occurring between the starting end 11a, 

30 (12a), (13a) of a lower layer and a finish end 12i, (13i) (14i) of the layer above it. There 
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is almost no voltage difference between the two layers 1 li and 12a (12i and 13a) on 
opposite sides of the coil. The thickness of the full width layer insulation 15 must be 
such that it provides the necessary dielectric strength on the start finish/side where the 
voltage difference between layers is the highest. Over the remainder of the layer, the 
5 layer insulation is thicker than required. This results in an inefficient use of coil space, 
and consequently, greater material usage. 

A variable insulation wound wire coil 20 constructed in accordance with 
the present invention is illustrated in Fig. 4. In accordance with the present invention 
the thickness of the insulation is varied in increments or gradually during the winding of 
10 each layer so that it increases from little or nothing at the start of the layer where layer 
to layer voltage stresses will be low to the required maximum thickness at the end of the 
layer where voltage stresses will be high. At the end of the layer, the application is 
abruptly stopped as soon as the last turn has been added to the layer so that the process 
can be repeated on the next layer. As may be seen in Fig. 4 the helically wound high 
15 voltage coil 20 includes four coil layers 21-24. The coil layers 21a-21i, 22a-22i, 23a- 
23i, 24a-24i are wound in the direction of the arrows with the direction reversing for 
each coil layer. The starting wire W used for making this coil 20 has an insulation such 
as enamel or polymer I on it for turn-to-turn insulation. This insulation I is not shown 
in Fig. 4, for reasons of clarity, but is shown in the enlarged view of the wire W in Fig. 
20 5. This insulation I completely surrounds all external surfaces of the wire W. As 
pointed out above, in a helically wound coil of this type, the voltage between the layers 
varies along the coil axis, or width, with the greatest voltage difference between layers 
occurring between the starting end 21a, (22a), (23a) of a low layer and a finished end 
22i, (23i), (24i) of the layer above it. There is almost no voltage difference between the 
25 two layers 2 li and 22a (22i and 23a) on opposite sides of the coil 20. As may be seen in 
Fig. 4, a variable thickness of insulation 25 is applied to the turns in each layer 22-24 of 
the coil so that the insulation increases in thickness from substantially zero at the first 
turn at the start of the layer 21a, 22a, 23a, 24a where layer-to-layer voltage stresses will 
be low to the required maximum thickness of the last turn 21i, 22i, 23i, 24i, at the end 
30 of the layer where voltage stresses will be high and this progression of insulation 

thickness is repeated on each succeeding layer of the coil. By comparing the coil in Fig. 
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4 with the coil in Fig. 1 it will be seen that the full width layer insulation 15 of Fig. 1 
has been replaced by the variable insulation 25 which reduces the coil build which in 
turn reduces the size of the entire core/coil assembly and therefore the cost of the coil. 

The method and apparatus for making the variable insulated helically 
5 wound electrical coil according to the present invention is illustrated in Figs. 2 and 3. 
At the supply station 30 insulated rectangular wire 32 is paid out from reels, not shown, 
or round insulated wire is pulled from wheels or drums and is shaped into rectangular 
form. The rectangular wire 32 is then pulled through a coating device 34 at a coating 
zone or station where liquid resin insulation is applied to the wire so it is insulated only 
10 in those areas of the coil where the greatest dielectric strength is needed. The additional 
variable insulation 25 is applied to the bottom surface of the wire W at a minimum and 
preferably, the two sides of the wire W as shown in Fig. 5. The insulation 25 may be 
applied to the wire by single or multiple rollers, spray heads, dies, or vacuum chambers. 
It can be applied in one application and cured or in several applications, or passes, with 
15 curing between each application. The insulation thickness can be varied in the single 
application mode by varying the thickness at which the liquid film is applied. In the 
case of multiple applications, the thickness can be varied by changing the number of 
applications applied. This will result in an incremental change in insulation build. 

After leaving the insulation coating station 34, the variably coated wire 
20 32c is pulled by pulling device such as pinch rolls 35 or by the winding mandrel through 
at least one curing station 36 that includes ultraviolet lamps 38 or an electron beam, Fig 
3. The intensity of the lamp/beam 38 will be high enough to allow frill curing of the 
insulation 25 prior to the insulation encountering any parts of the winding machine 40 to 
prevent insulation damage. In some applications, it may be desirable that the insulation 
25 be cured only to the "B w stage. This may be done in order for coil bonding to take 
place later, or in order to take advantage of "B" stage material properties that may be 
more suitable for winding. If cured only to "B" stage during winding, the insulation 
may be fully cured by processing after the winding operation. After the fully cured 
insulated wire exists the curing station 36, the wire is then wound onto the coil 20 at the 
30 winding machine spindle 40. Since the insulation is applied to the wire some distance 
from where the coil is being wound, a suitable control system 42, Fig. 3 is provided to 
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coordinate timing of resin application with the winding of the coil 20 so that the proper 
insulation thicknesses are achieved at the required locations in the coil. The control 
system 42 also synchronizes the rate of resin application to winding speed in order to 
produce proper insulation thickness. This is provided since the speed may need to 
5 change during the reversing of the layer winding direction, and with conductor and coil 
size. The various controls provided by the control system 42 are diagrammatically 
illustrated in Fig. 3. The application rate of the insulation at the coating station 34 is 
indicated by connection 42a. The intensity of the curing lamp or electronic beam at the 
curing station 36 is indicated by the connection 42b. The control for the height of a 
dancer 44 and wire speed, as later to be described, is illustrated by the connection 42c. 
The control for the spindle speed and orientation is illustrated by the connection 42d. 
The reversing of the layer winding direction is illustrated by the vertical arrows 40a, 40b 
in Fig. 2. 

The coils being wound can be circular or rectangular in shape. If the coil 
20 being wound has a rectangular shape as shown in Fig. 3, a dancer roll 44 as shown in 
that figure is provided in the wire 32c passing between the coil 20 and the coating/curing 
operation 34/36 to keep the speed of the wire steady during coating so that the film 
thickness 25, Figs. 4 and 5, will be uniform. The dancer 44 may be loaded with a 
constant force to maintain constant tension on the wire 32c while its height, as indicated 
by the arrows in Fig. 3, controls payoff of the wire 32 into the coater/curer 34/36. 
Alternatively, the motion of the dancer may be controlled and synchronized with the 
winding to eliminate speed variations. If the dancer is not provided, the speed of the 
rectangular coil winding spindle must be rotated at a non-uniform speed that is varied 
during each rotation to keep wire speeds steady through the coater. 

While the present invention has been described in connection with 
applying the additional insulation to the bottom of the wire and sides as shown in Figs. 4 
and 5, it is to be understood that the additional insulation alternatively may be applied to 
the top of the wire and sides as well but in that case, the thickness of the additional 
insulation would immediately start out thickest at the start of a coil layer and be reduced 
as the layer is wound. This construction is illustrated in Figs. 6 and 7. 

A variable insulation wound wire coil 50 constructed in accordance with 
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this aspect the present invention is illustrated in Fig. 6. In accordance with this aspect 
of the present invention the thickness of the insulation is varied in increments or 
gradually during the winding of each layer so that it decreases from a maximum 
thickness at the start of the layer where layer to layer voltage stresses will be high to 
5 little or nothing in thickness at the end of the layer where voltage stresses will be low. 
At the end of the layer, the application is abrupdy stopped as soon as the last turn has 
been added to the layer so that the process can be repeated on the next layer. As may be 
seen in Fig. 6 the helically wound high voltage coil 50 includes four coil layers 51-54. 
The coil layers 51a-51i, 52a-52i, 53a-53i, 54a-54i are wound in the direction of the 
10 arrows with the direction reversing for each coil layer. The starting wire W used for 
making this coil 50 has an insulation such as enamel or polymer I on it for turn-to-turn 
insulation. This insulation I is not shown in Fig. 6, for reasons of clarity, but is shown 
in the enlarged view of the wire W in Fig. 7. This insulation I completely surrounds all 
external surfaces of the wire W. As pointed out above, in a helically wound coil of this 
15 type, the voltage between the layers varies along the coil axis, or width, with the 

greatest voltage difference between layers occurring between the starting end 51a, (52a), 
(53a) of a low layer and a finished end 52i, (53i), (54i) of the layer above it. There is 
almost no voltage difference between the two layers 51 i and 52a (52i and 53a) on 
opposite sides of the coil 50. As may be seen in Fig. 6, a variable thickness of 
20 insulation 55 is applied to the turns in each layer 52-54 of the coil so that the insulation 
decreases in thickness from a maximum at the first turn at the start of the layer 51a, 52a, 
53a, 54a where layer-to-layer voltage stresses will be high to substantially zero thickness 
of the last turn 51i, 52i, 53i, 54i, at the end of the layer where voltage stresses will be 
low and this progression of insulation thickness is repeated on each succeeding layer of 
25 the coil. By comparing the coil in Fig. 6 with the coil in Fig. 1 it will be seen that the 
full width layer insulation 15 of Fig. 1 has been replaced by the variable insulation 55 
which reduces the coil build which in turn reduces the size of the entire core/coil 
assembly and therefore the cost of the coil 

From the foregoing it will be seen that the present invention replaces the 
30 full width layer insulation 15 used in the prior art, Fig.l, and thus reduces coil build 
which in turn reduces the size of the entire core/coil assembly therefore the cost of the 
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coil 20 or 50. In accordance with the present invention, the method of manufacturing 
the variable insulated helically wound electrical coil couples the coating process and the 
winding process into a tandem operation in which the added insulation's location and 
amount is controlled by the winding machine's controller and program which controls all 
5 coil winding functions for each coil design specification entered. The utilization of a 
conductor speed control, such as a dancer, between the tandem operations to control the 
acceleration and deceleration provides uniform speeds for the coating operation. The 
present invention utilizes an ultraviolet or electron beam for instant cure of the insulation 
coating and an application chamber for the coating process in the tandem operation. The 

10 application chamber 34 may apply the insulation coating using the pressure differential 
principle (commonly known as a "vacuum box") or by application rollers or spray 
heads within the chamber. 

It shall be understood that the invention is not limited to the specific 
arrangement shown and that further modifications may be made without departing from 

15 the spirit and scope of the invention as set forth in the appended claims. 
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What is claimed is: 

1. A method of manufacturing a variable insulated 
helically wound electrical coil comprising the steps of: 

feeding insulatedrectangular wire from a supply reel to a coating 

5 zone, 

within the coating zone selectively applying a liquid resin insulation to 
the wire so it has additional insulation only in those areas of the coil where the greatest 
dielectric strength is needed, 

thereafter feeding the insulated wire through at least one curing station 
10 to allow curing of the additional insulation prior to winding the cured insulated wire into 
a coil, and 

thereafter winding the cured insulated wire into a coil of 
predetermined shape whereby the portions of the wire having the additional insulation 
are located in the areas of the coil where the greatest dielectric strength is needed. 

15 2. A method of manufacturing a variable insulated helically wound 

electrical coil according to claim 1 wherein the coil comprises multiple coil layers, each 
coil layer comprising multiple turns of wire, wherein the thickness of the insulation is 
varied in increments during the winding of each layer so that the insulation increases 
from substantially zero at the first turn at the start of the layer where layer to layer 

20 voltage stresses will be low to the required maximum thickness at the last turn at the end 
of the layer where voltage stresses will be high and repeating the process on each 
succeeding layer. 

3. A method of manufacturing a variable insulated helically wound 
electrical coil according to claim 2 wherein the additional insulation is applied to the 
25 bottom of the turns in the coil layers. 



4. A method of manufacturing a variable insulated helically wound 
electrical coil according to claim 3 wherein the additional insulation is applied to the 
bottom and sides of the turns in the coil layers. 
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5. A method of manufacturing a variable insulated helically wound 
electrical coil according to claim 1 wherein the coil comprises multiple coil layers, each 
coil layer comprising multiple turns of wire, wherein the thickness of the insulation is 
varied in increments during the winding of each layer so that the additional insulation is 
5 applied to the top of the turns in each of the coil layers with the maximum thickness 
being applied to the first turn in the coil layer where layer to layer voltage stresses will 
be high and thereafter incrementally reduced to the last turn in the coil layer where layer 
to layer voltage stresses will be low and repeating the process on each succeeding layer. 



6. A method of manufacturing a variable insulated helically wound 

10 electrical coil according to claim 5 wherein the additional insulation is applied to the top 
and sides of the turns in the coil layers. 

7. A method of manufacturing a variable insulated helically wound 
electrical coil according to claim 1 including the step of coordinating the timing of the 
resin application to the wire with the winding of the coil so that the proper insulation 

15 thicknesses are achieved at the required locations in the coil. 



8. Apparatus for manufacturing a variable insulated helically wound 
electrical coil comprising: 

means for feeding insulated rectangular wire from a supply reel to a 

coating zone, 

20 means within the coating zone for selectively applying a liquid resin 

insulation to the wire so it has additional insulation only in those areas of the coil where 
the greatest dielectric strength is needed, 

means for feeding the insulated wire through at least one curing station to 
allow curing of the additional insulation prior to winding the cured insulated wire into a 

25 coil, 

means for winding the cured insulated wire into a coil of predetermined 
shape at a winding station whereby the portions of the wire having the additional 
insulation are located in the areas of the coil where the greatest dielectric strength is 
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needed, and 

means coordinating the timing of the resin application to the wire with the 
winding of the coil so that the proper insulation thicknesses are achieved at the required 
locations in the coil. 

5 9. Apparatus for manufacturing a variable insulated helically wound 

electrical coil according to claim 8 including means to control the speed of the wire 
between the coating zone and the winding station to control acceleration and deceleration 
and provide uniform speeds for the coating application and curing. 

10 10. Apparatus for manufacturing a variable insulated helically wound 

electrical coil according to claim 9 wherein said means for controlling the conductor 
speed comprises a dancer roll. 

11. Apparatus for manufacturing a variable insulated helically wound 
15 electrical coil according to claim 8 including an ultraviolet curing station to provide 

substantially instant cure of the liquid resin insulation. 

12. In a variable insulated helically wound high voltage electrical coil for 
a transformer wherein the coil comprises multiple coil layers, each coil layer comprising 
multiple turns of wire, the improvement comprising a variable thickness of insulation 

20 applied to the turns in each layer of the coil so that the insulation increases in thickness 
from substantially zero at the first turn at the start of the layer where layer to layer 
voltage stresses will be low to the required maximum thickness at the last turn at the end 
of the layer where voltage stresses will be high and this progression of insulation 
thickness being repeated on each succeeding layer of the coil. 

25 13. The improvement of claim 12 wherein the variable thickness of 

insulation is applied to the bottom of the turns in the coil layers. 

14. The improvement of claim 13 wherein the variable insulation is 
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applied to the bottom and sides of the turns in the coil layers. 

15. In a variable insulated helically wound high voltage electrical coil for 
a transformer wherein the coil comprises multiple coil layers, each coil layer comprising 

5 multiple turns of wire, the improvement comprising a variable thickness of insulation 
applied to the top of the turns in each layer of the coil so that the insulation decreases in 
thickness from a maximum at the first turn at the start of the layer where layer to layer 
voltage stresses will be high to substantially zero thickness at the last turn at the end of 
the layer where voltage stresses will be low and this progression of insulation thickness 
10 being repeated on each succeeding layer of the coil. 

16. The improvement of claim 15 wherein the variable insulation is 
applied to the top and sides of the turns in the coil layers. 

17. In a variably insulated helically wound high voltage electrical coil 
15 for a transformer wherein the coil comprises multiple coil layers, each coil layer 

comprising multiple turns of wire, the improvement comprising a variable thickness of 
cured synthetic resin insulation applied to the turns in each layer of the coil so that the 
insulation increases in thickness from substantially zero at the turn at one end of the 
layer where layer-to-layer voltage stresses will be low to the required maximum 
20 thickness at the turn at the opposite end of the layer where voltage stresses will be high 
and this progression of insulation thickness being repeated on each adjacent layer of the 
coil. 

18. The improvement of claim 17 wherein the variable thickness of 
insulation is applied to the bottom of the turns in the coil layers. 

25 19. The improvement of claim 17 wherein the variable thickness of 

insulation is applied to the top of the turns in the coil layers. 



* WO 99706310 



PCT/US98/15980 



1/4 




#— en 

< 

cog 



8 



o 



n 



£ 5 



ro 



CVJ 

-ro 



(0 



u 
CVJ 

ro 



\ 



o 

O 

jL. 



tmmumnmuu 



CJ 

o 

Li. 



X3 

o 



lUinmiiutmitv 



~ WO 99/06310 



PCT/US98/15980 



2/4 




"WO 99/i)6310 



PCT/US98/15980 



3/4 




